A new test-system was developed for rapid evaluation of the cytoprotective potential of substances which can be included in cosmetics and health care compositions. It was evaluated by changes of the viability of yeast cells after dehydration/rehydration (D/R) treatment. To check the efficiency of proposed test system we studied the effects of water extracts of the natural peloid, which are used in balneotherapy procedures. It was revealed that the resistance to D/R of cells incubated in peloid water extracts (PWE) was significantly increased (by 30-38%) already after their short incubation in the solutions with low concentrations of the PWE. Meanwhile the membrane permeability was significantly decreased after incubation with PWE. The viability of yeast cells which were more sensitive to D/R stress was increased by PWE to larger extent than the viability of the cells that were initially more resistant to this stress. The positive effect PWE upon yeast cell viability after D/R treatment can be linked with the stabilisation of the cells' plasma membrane. The results obtained in this study indicate that this new test-system can be recommended as fast, simple and cost-efficient assay for the evaluation of various substances effects upon eukaryotic cells including also the ingredients for cosmetic products.
INTRODUCTION
The yeast, Saccharomyces cerevisiae is an excellent cell model for multitude of physiological processes in higher eukaryotes due to the similarities in the structure of the cells, main pathways of cellular metabolism, DNA replication, recombination and repair, RNA transcription and translation, intracellular trafficking etc. 1, 2. For the development of the test systems yeasts are excellent candidate organisms due to their rapid and cost-efficient reproduction and due to the lack of the ethical problems associated to the animal models. The ability of yeast to grow under a wide variety of conditions allows the selection, screening, identification of mutant yeast phenotypes and creation of new strains 1, 3-6. During the last decades yeasts have been frequently used as an efficient model in the studies of various processes in higher eukaryotic organisms including cancer research and to identify molecular mechanisms of human diseases 1, 2, 6, test possible toxicity of new drugs 7, 8, screen for the antioxidant activity 9, study oxidative modifications of proteins 10, in ageing and apoptosis research 11-13; neurodegeneration research 6, for the understanding the mechanisms of drugs activities 14, etc.
The goal of this research was to develop a new yeast based test system for rapid evaluation of effects of various compounds upon eukaryotic cells and to check its efficiency at the studies of peloid effects.
MATERIALS AND METHODS

Yeast Strain and Culture Conditions
The yeast Saccharomyces cerevisiae 14, obtained from the Microbial Strain Collection of Latvia was grown in flasks with YPM medium containing 10 g/L yeast extract, 20 g/L peptone and 20 g/L maltose with initial pH 5.00 on an orbital shaker at 30 °C for 48 h. Yeast biomass was harvested by centrifugation, washed twice with distilled water and then used for incubation with PWE and for the exposure to the dehydration stress.
Preparation of Peloid Samples
Peloid obtained from Rider-Ta Ltd, Latvia was heat sterilized at 121C for 20 min before the use. Humidity of peloid was determined by drying to constant weight at 105 C. To prepare the experimental extracts for further studies 11 g of fresh peloid were mixed with 40 mL of distilled water. This suspension was stirred during 24 h using the rotary shaker followed by centrifugation for 20 min at 3200 g. The upper phase was diluted at 1:50; 1:25, 1:5 with distilled water and used in the further incubation procedure.
Incubation of the Yeasts with PWE
3 g of fresh yeast biomass was incubated in 40 mL of PWE using rotary shaker for 25 min or 3 h. Thereafter the yeast biomass was harvested by centrifugation during 10 min at 2600 g at room temperature for its further exposure to dehydration. The control samples were incubated in water.
Dehydration Procedure
After centrifugation yeast biomass was pressed through a sieve (mesh diameter -1 mm) and subjected to the convective drying in a partially lid covered plastic Petri dish placed in an oven at 30 °C for 20 h. Dehydration procedure leads to the anhydrobiosis: decrease of cells' relative humidity till 8-10% and temporary reversible delay of the metabolism. The changes of the surface area exposed to the air convection at dehydration significantly influence the viability of the yeast cells after rehydration. At harsh dehydration process, if the Petri dish is fully open, rapid convection takes place and the cell viability after rehydration is low, ca. 30-40%; at mild dehydration process, if the Petri dish is half-open, slower convection takes place and the cell viability after rehydration is higher, ca. 50-60%.
The Viability of Yeast after Dehydration
The viability of dehydrated yeast samples was determined after 10 min rehydration in distilled water at room temperature using fluorescent microscopy and the fluorochrome primulin 15.
Cell Membrane Permeability
The changes of the permeability of the cell plasma membrane during the D/R stress were quantified by the losses of cells dry substance as measured by the difference of dry weight of the yeast samples before and after rehydration.
Statistical Analysis
Experiments were done in triplicate. Results were expressed as the mean ± SD. A Student's t-test was used for comparisons between two groups. P<0.05 was defined as the threshold of statistical significance.
RESULTS AND DISCUSSION
As the basis of this study we have taken into account our previous results on the yeast cell response upon the D/R stress. It was shown that dehydration of yeast which is transferring cells into the state of anhydrobiosis (temporary reversible delay of metabolism) can lead to serious changes in all intracellular organelles 16, 17, switch on a number of intracellular protective reactions 16, 18 and result in the appearance of "new" physiological and biotechnological characteristics of the cells 19, 20. The conclusion has been made that cell resistance against D/R stress is an integral characteristic of the physiological state of eukaryotic cells. Different approaches of controlling and improving the stress resistance of the cells have been proposed 21-25. Considering all information accumulated during the studies of anhydrobiosis in yeast we proposed the idea that application of dehydration-rehydration stress to a yeast model can be rather helpful for the understanding of possible changes in the physiological state of the cells in response to their treatments by any substance which can be interesting for researchers. To check this hypothesis we used yeast cells treatment with peloid water extracts (PWE). Such study was interesting because of the possibilities to use peloid's components for new cosmetic products. In our experiments yeast cells from the stationary growth phase of the culture were incubated in PWE for 25 min and for 3 h. After the incubation yeast samples were subjected to D/R stress and their viability was evaluated. The results which have been obtained are presented at the Fig. (1) , showing by 16-23% increased stress resistance of the PWE treated cells in Fig. (1) . Influence of incubation of yeast cells in the solutions with different concentrations of peloid extracts upon their viability after dehydration. SD are indicated by error bars. The differences in comparison to the control at significance level p<0.05 are marked by ( * ), at p<0.01 are marked by ( ** ) comparison to the control samples. The incubation of the yeast in PWE during 25 min gave practically the same effect as the incubation during 3 h. In the next series of experiments we checked also the effects of yeast cells incubation in PWE if the cells then were subjected to more soft or severe drying procedures. The cells that had undergone more harsh drying conditions and had decreased viability, ca. 38% after rehydration, exhibited more strong protective effect, additional 30-40% points of viable cells, after PWE treatment than the cells that had undergone soft drying, and having ca. 60% viability after rehydration, increased viability by ca. 10-15% points after PWE treatment ( Table 1) .
In general, it became clear that the pre-treatment of the yeast cells with PWE in all cases increases their resistance to D/R stress until a maximum resistance level. In our experiments this maximum of viability was 68-76% of the total cell number. To understand the mechanisms of the positive influence of the PWE upon yeast viability after D/R stress we examined the changes of plasma membrane permeability. It is known that the plasma membrane state is a crucial element for the maintenance of the cell homeostasis. Usually various pathological processes as well as just "weakening" of different higher organisms correlates with changes of functional characteristics of cellular and intracellular membranes 26-30. Our previous studies have shown that stabilisation of cell plasma membrane is one of the most important properties for the maintenance of cell viability at D/R stress 23, 31. We have addressed the correlation of the membrane permeability with the increased viability of PWE treated cells to clarify, if the loss of substances through the destabilized cell membranes may be one of the reasons of decreased viability of the cells after D/R stress, what may be counteracted by the PWE treatment. Our experiments showed that the PWE treatment before the dehydration decreases the permeability of plasma membrane of the yeast cells after D/R stress and prevents the efflux of the cells' internal substances ( Table 2) .
Already the incubation with PWE for 25 min at low, 0.05% -0.10% concentrations of the extract lead to the significant increase of cells' resistance and to the stabilisation of their plasma membrane. Within the used range of the peloid dilutions the effect was not concentration dependent, the increase of peloid concentrations from 0.05% to 1.0 and 2.5% was not accompanied with additional increase of the observed positive effects.
We conclude that the increase of the yeast viability after D/R stress and concomitant decrease of the efflux of substances from the cell through the plasma membrane may be used as a sensitive and fast assay to assess the anti-stress effect of any tested substance and in our case of natural peloid and their components. The peloid fractions obtained from Latvian Kemeri mire contain biologically active compounds, which can increase the D/R stress resistance of eukaryotic cells. Of course, our data is only preliminary and provides just a phenomenology of the anti-stress activity; to elucidate the exact molecular mechanism of the observed effect additional studies are needed. At the same time, our data on the increase of plasma membrane stability after PWE treatment clearly indicate further pathways for the exploration. In our previous studies we have shown that the viability of the cells after D/R stress can be increased by the preincubation before the drying in the solutions, which contain either Mg 2+ and Ca 2+ ions 24, or sucrose, lactose, xylitol and/or glycerol at concentrations increasing the osmotic pressure 21, 23, 25. Practically in all the cases the improvement of the cells' stress resistance was paralleled with the increase of plasma membrane stability. The role of plasma membrane in the stress resistance is corroborated by the fact that the plasma membrane permeability and temperature of phase transitions of membrane lipids of Debaryomyces hansenii, a yeast species, which is extremely resistant to various environment stresses, strongly differs from the corresponding parameters of conventional S. cereviseae membrane 22, 31. It is plausible that the increase of plasma membrane stability can provide substantial contribution to the improvement of the cells' stress resistance in the present study.
Peloids are natural organic-colloidal formations of various origins (silt, peat etc.), which have great plasticity, high heat capacity and slow heat transfer 32. This complex heterogeneous system consists of two solid and one liquid phase. Solid phase consists of crystalline skeleton which determines the mechanical structure of peloids and of colloidal skeleton which defines thermal properties and consistency of peloids. Liquid phase is the peloid solution which serves as a carrier of the therapeutic effect 33. The therapeutic effect of peloids is due to their organic and mineral composition presented by various biologically active substances such as mineral salts, organic matter and gases. The mineral part of peloids consists of water insoluble minerals, water hardly soluble salt compounds, different ions and gases. Additionally, compounds of iron, sulphur, phosphorus, nitrogen, microelements such as iodine, bromine, lead, and molybdenum can be found in peloids. Composition of gases is presented by hydrogen sulphide, carbon dioxide, nitrogen, methane and oxygen. Many biologically active compounds can be found such as B-group vitamins: riboflavin and folic acid; vitamins C and D, hormone compounds, and the trace elements: bromine, iodine, boron, manganese, copper, iron and others 32. The organic macromolecules presented in the peloid are represented by humic substances, including humic acids, fulvic acids, ulmic acids and humins 32. Humic acids are high molecular polymeric aromatic substances having complicated structure of polyaromatic and heterocyclic chemicals with the multiple carboxylic acid side chains, showing outstanding physicochemical properties 34. Humic acids are known to elicit hepatoprotective, antihypoxial, antitoxic, antioxidant effects due to the affinity for biological membranes, involvement in the ion transport and because of enzyme activity modulation 35, 36. It was shown also that the antioxidant activity of humic acids is dependent on the presence of carboxy-and hydroxyl groups in their macromolecules 36.
Special role belongs to peloid`s microflora which define the biological processes occurring in the peloids. It was shown the formulation of thermal muds must include a maturation stage -the procedure of mixing of the solid and liguid phases 32, 37.
It was proposed that the regulations and suitable quality criteria should be established for peloids used for therapeutic purposes. Different data should be taken into consideration: mineralogy, grain size, geochemical composition, microbiological content, pH, plasticity etc. 37.
The given examples of peloid active components show their possible protective effects can be created by the peloid applications in eukaryotic cells and organisms. These effects should be considered when addressing the mechanism of the anti-stress effects observed with PWE.
The observation that the PWE treatment creates more pronounced stabilizing effect with the cells, which have lower viability due to the suboptimal drying conditions, is of special importance for their eventual use in cosmetic recipes. Skin ageing is associated with the loss of water from the skin cells and concomitant effects of dehydration. Our data on the recovery of the survival rate of the more vulnerable dehydrated cells by PWE treatment can be considered in context of revitalization of senescent dehydrated skin cells. PWE samples are prospective candidates to be included and further studied as eventual components for the skin antiageing compositions, using, i.e., the yeast D/R stress and membrane integrity models.
Summarizing the results of this study it is necessary to mention that it gave important information for 2 different issues. First, it is interesting data on the prospects of further detailed investigations of components of PWE for new cosmetic skin anti-ageing creams. At the same time these results showed the efficiency of application of a new model based on the evaluation of yeast cells subjected to dehydration-rehydration stress. Such approach gives us new fast, simple and cost-efficient assays for the evaluation of possible effects of various chemical substances upon the physiological state of eukaryotic cells.
ABBREVIATIONS
D/R = dehydration/rehydration; PWE = peloid water extracts.
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